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SUMMARY

"NI

11(idulle Number

113H22

a
Ni ule Tit le
`Intermediate Trickling Filters

Apx. Time
20 Hobis

'1

Submodule Titles:
1. TypesofTrickling Filters and Their

Application..
2.,Hydraulic Loadings for Filters.
3. ,Organic Loadings for Filters.
4. Recitculation Ratios - Calculation.
5. Measuring Ttickling Filter Performance

Including Records &.Sludge Volumes:
' 6. Materials. and Qesign. of Filters. -

7. Abnormal Trickling'Filter PerfOrmance.
8. Field Work and Visit to Two Trickling

Filter Systems-.
,

vo-

'Overalil Objectives: The trainee will be able to calculate organic,
loadings, recirculation ratios and.% removal for trickling filter
operations. The trainee will also identify types of, filters, normal
and Otnormal performande by correctly completing 70% or,more of the
corresponding examination-section.

. " -.

InstrilctionaloAids: Overhead Ttansparencies
Handouts and Workbooks
Diagramt.
Check Lists
Instructor Key Points

) .Instructor- Approach: Submodules 1-7 £
; Lecture and Discussion. .

Submodule 8 -

Demonstration, Discussion and Short Ledture

' Refeiences:
*,,,:--

1) WPCF--- MOP'11, 1977. 'Opration of Wastewater Treatment Plante.
2) Fair, Geyer; and bkiin. "Water. and Wastewater Engineering".: .

3)pA-Technology Transfer Series - "Land Disppsal Of Sludge,'
Esymating Laboratory Needs for Wastewater Treatment Plants".

4Y R Layton. PersOnal Notes and Teaching Outlines, 1970-1977..5 G..
`\
Pair; Z. Gerer,, and D. Okun, 1971 "nemente of Water Supply

. _and-Wastewater Dispasal"-.
6).Public-Works Journal, .197p. "Handbook of Trickling Filter Design".

1
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-4) R..Antonie, 1976. "Fixed Biological Surfaces-WasteWater Treatment".
8) Metcalf & Eddy, 1972. "Wastewater-Engineering,,Collection

. ,

' Treatment Disposal ". 4' .

9)' EPA-197 Environmental ProtectIon*Technblogy Series. "Application
of Plasti Media-Trickling Filters for Biglbgical Nitrification .

..Systems"., _ A

10) EPA-1971. 'Trickling Filter Treatment of Fruit Processing Waste
. Waters". Water*PollUtia Control Research Series..
11) NAVFAC-19'69 . "NTTC Course-21,216, Intermediate Sewage"?

X

a

ADDITIONAL' COMMENT

1) Instructor will follow detailed audio visual presentations and
checklists,- distributing material; to trAfnee as'indicated.

2) Initructor will evaluate trainee objectives accomplishment by
° (a) field trip assignment, and (b) 50 question examination (written)
at end of the basic trickling filter module,. All six of the 'sub-.
'modules use the same type of instructional'aids and instructional
approach and references. e
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. Module No..
113H22

Module Title
,Intermediate7Trickling Filters

It
p

2 Hours
(1&:.2.0f 24)

f.

a

6.

Subhodtle'Title:.

Types of Trickling Filters and Their
Applicati*.

Objecftives:

fi

a

The trailee will:

1) ,Describe the four typeS of trickling filters.
2) ,identify normal characteristics of each.of

the four types of trickling filters.
3) List examples, of uses of the four types of

' -trickling filters in wastewater treatment.
4) hist expected performance levels for the

four types of trickling filterS'and diff-
erences expeCted among the-four.

5) List area communities or industries using
each of, the four type's of trickling filters.

6) Describe the terms;. hydraulic loading,
loading', and 'wetting rate..

7) Describe energy uses for support 'systems
used for the-four trickling filter types.

A

O

END.,

a
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pverhead
Slide I!.

)3

ASIC TRICKLING' FILTER 113H22 MODULE
- InstruCtor Lessron-Guide, :.

.- - Hour's 1 & 2 of 20 . .

_ . .

Slide DesCription
a

Instructor'
. Key Points

rr

- Trickling Filter Dods,Not "Filter

a*

11 Stress Aerobic, Bio-
logical.Action Froth
Previous Module-Review 7

/

2

a

Food (Sewage)

Oxygen (air)

Bugs(growth on media)

3 BOD/N/P
100/2/1

1) Rekrphasize aerobic
Nature ar4,Process
RFunction of Convrting
on - settleable' Solids
To Settlpable
(Humu)-Review"

Solids

I

4 Trickling kilter Otitimum
Conditions

.

1) Reemphasize this
Concept - Review

.1.) No Toxics, Sewer Use
Ordinance Enforced and
,Correbt Conditions Ess-
ential for Optimum Filter
Action Review)

5 Trickling filter Types by
Applicatio Rates

"Roughing " Filter
(2) Low Rate
3) -High Rate
-4-) -"Super" High Rate c

lf-Rgad.Slide+Refer To
WPCF MOP 11, (reference),

'2) Discubsionof Each.
Type Will Follow

4 .

Roughing Filter:
. Rock or PlasticeMedia
Up.to 20 Ft. Deep
Used to Prbtreat'High BOD
Wstes.

\Hydraulic Loading
60-180 mgd/acre OR °"-
.1400 to 4200 gpd/ft.2
Organic Loading
'>10P ibBOD/day/1000

.

Continued
r

6

1) Word S1ige7Define Term-
Give Specifics of Unit

2) Explain "mgd" million
gallons/day

3) EXplain 9pd and ft.2

(flow) and.
44 Explain the terms
hydraulic (

organic.(solids) loadings''



D1

a

.May or Mai tot Have
Recirculation

Examples of RoughinylFilte
Uses;
1) &reweries
), Food Processing *astes

3) -Poultry,-EViceration,
Slaughtering Wastes

4) Milk, Cheese & Whey
,,Processes .

5) Toxic Waste Handling
(Phenols)

'

a

\ . -, 1 .,.

. .

,

5), Stress Recirculation
Idea as Key to Optiraufil
TriCkling-Filter BOD

. Remc:Val
.

1)Stress igh BOD of
Thete Industries. ExAmples ,

of up to .100,0061 ppm BOD

2) Describe-Use of Trick-
ling Filter for. Treatment:
of Phenolic Wastes. Small

. Levels of Phen61 Gradually
-increased to Higher Levels..

8 Normal "Roughing ilter
Performance"
,What is Expected?

1) Ask question (Word
Slide).

9 Expected peiformance:
. .

1) Low Removal of BOD,
(40 to 65) bult. Very High
Total Remoardl

2) Low Nitrate Levelg Some
Nitrite an Ammonia or
Ammonium Ion Present

pa.

3) Some Odors-(Difficult to
ReepAerobic) Few Flies

41Sloughing - Ustally,
Continuous \

A

1) Show,Aat BOD to Filter
of 1000 mg/1 with 500 mg/1
in Effluen6 is only 50%
Removal, But Rbpresehs
Many-Pounds-44170)/Day
of -BOD Rembved.

2) ,Review Nitrification
Process NWi--*NO2 400oN05
Orily -Partially Complete

3 StressipD and Oxygen
'Relationship

4) Define "Sloughing"*and
Why porktinumis.,Redefine
"Humud"

10 Where Have You Seen Roughing
Falters Used?

1) Stimul terlassPartIci-.
potion i -(Where P.otilhin

-.Filters are Used andWhat`
problemt'are-dserved% .-

2) Inttruc 6r Should be

k-
-- Familiar W th Specific
,Roughing.Fi ter Installa-
tions and Thote Close to
Are'a,4f Possible: -.,-



Low 'Rate Filters:
,

(Same as "Standard" Rate)

°Usually Rock Media.
.6 to 8 Feet Deep.
Used in Domestic Sewage
Treatment.

Hydraulic Loading:
1 to,4 mgd/acre OR 4

25 to 90 gpd/cl.ft.-
-

Qrganic Loading:
200' to 1000 lb.,BODiday/
acre ft. OR
5 to 25 lb. flpD/day/1000
cu'.' ft.

%*Usually Does 'riot Have
Recirculation.

Usually Has Dosing Tanks,
- or Siphon. , ;

-1) Discuss Probleths with
Rock-Breaking, Clogs, ect:

2) Define "Domestic" as 201
0

ppM..BOD, 0..17 pound s,/ v.

capita/day.

3)3 Znswer questions Abot.ft.
HydrauliC andOrganic Loads
(Terminology Only). .

4) Doging Siphon Means
Standard Rate

Normal. Low Rate Filter--
,Performance.
What is. Expected?

. .

1) Aft-,Question (Word/.
Slide)

Expected-Performance:,

1) High'BOD Removal 85-90%%

2) :Seasonal Variation ih .

Performance.
3) High Nitrate (NO3) Levels-

,

Low Nitrite and Ammonia

4) Some Odors-Some Filter Flies
,

5) Sloughing- Intermediate
and Seasonal in Nature.

1) Strets Seasonal and.
Uncontrollable Operation;
2) Reemphasize Nitrifi-
cation.-
3) Odor-Control 7 Good
Housekeeping-Aeraig
Conditions Maintained.
4 %, Fly Control Discussed
Later:
5) Humus and "Slugi"
Obtained-(Not a particu
problem unless snails-

-. discusSed later).

Where are Standard or Low :Rate 1) Stimulate ClaSs
Trickling FiltertPlants Located icipation in Locations,.

'Near Here? -- Problems-, Solutions, etc.
2) Instructor Should Be
Familiar With- the .Plants
T.. the Area.
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-15 "High Rate Trickling Filters ?'

. tsually Rock Media.
-3 to 8 feet peep.
Used in Do, estic and
Inclustrial Waste Treatment.

. Hydraulic Loacting:,
5 to 40 mgd/acre
100, to 900. gpd /ft. `"

Organic Loading:
1000 to 1300 lb./BOD/
day/acre ft. 0/
25 to 300 lb. OD /d
1000 ft.3 .

Almost alw- Has Recirculation.
No Do k g Tanks.

uireb Pumping and
Electrical Costs.

16

1) Stress Difference
Bptween Low and High Rate,
Filters
2) Answer.Questions on
Concept of HydrauliC and
Organic Loadin .

3) piscuss Energy y Consid-
erations for Hi h vs Bow
Rate-Filters,'Pumping &

eotricity Costs
,-

I 1 I

Normal "High Rate" Filter
, Performance.'Wbat is Expected? .

.1) 'Ask Quetion (Word
Slide)

.17

N

c

Expected Performance:
1) Good BOD Reduction
85-90% ,

2) Seasonal Varlationg Not
as_Great as Low Rate but
Still Exist,
3) Good-NitlifiCation,
However, Some Nitrite and
Ammonia Present.
4) Few Odors and
But Depends Up
Control.

lies,'
Operational

5) SJioughing-Continuous-
Seasonal Variation

1) Use ,word Slides and
Stress Key Points.

4

4



18- '' Where Are "High Tate" Trickling
Filter 'Plants 'LoCated?'

1) Word Slide-Ask
Question 0

2) As Before- Locatioris,
Problems, Solutions
3) Instructor Fapiliar-
With Area Plants.

19 'Super High Rate" Trickling.
Filters:
Usually Plastic Media.
Up tc 40 feet
Used in Many Domestic and .

Industrial Applications.
Hydraulic Loading:

. 15 t0'90 mgd/acre.
350 to 1000 gpd/ft.

Organic Loadirig:
300 lb.BOD/day/1000 ft.3.

Usually. Has Recirculation.
No DosingZankS:
Requires Pitlping and.ETec-
trical,costs.
Forced Ventilation Often
Used.

."Wetting Rate" of 0v6 gal/min/ft 2
Important in Many. Plants.

..

1) Stress These as Their
Trickling Filters Beirrg
Installed at Most New
Trickling Filter Plants%
2) Plastic FormsGeod
Surface for Growth.
3). Emphasize Hydraulic
and OrganiC Loads
4) Stress "Wetting Rate"
Concept.
5) Stress Energy Concept
of Electrical and PuMping
'Costs and Forced,Ventila-
tion C6sts (where used)

20 Normal Performance of
%Super High Rate Filters"
What is Expected?.

`1) Ask Question, Word

21 Expected Performance for
" "Super High Rate Filters".
What is Expected?
1) Good,BOD Refloval-657
90%- Depends Upon Loading
2)-Some Seasonal Variation
3)Intermediate to Excellent
Nitrification-Depends on Loading.
4) Few Odore, Few Flies
5) Sloughing Cont.i4Uous (Seasonal)
6) Media Breaking and Clogging
Less common than Rock Media
7) Towers (40 t0 Often Used-
Filter Ventilation Can Be A
Problem, -'I9 Septic-Problem!

1).Stress Loadings vs
Performance for Each Item

t

1
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22 Where are Rate"
Filters libcated?

What'arm the Four Basic Types
ofortickling Filters?

,Right!
1) "RoUghihgk'iler"
2). Low Rate or Starida.rd Filter
3) High Bate Filter

.

4) "Super High Rate" Filter

HoWdo We Classify Filterb?

Right!
1) Rock or Plastic dia
2) Depth -

31, Uses'
.

4) Hydraulic .ading
5) OrganicEbading
6) Recirc'illation
7)_Stpport Systems - Pumps,

Forced Ventilation, etc.
-8.) Expected Performance

1) Ask QdestiOn as Eefore
2) ,Ins"t uctOr

r
1) isk 'Qu stion

/
.

Qtiestions?

4 .0. END

ord' Slide

ti

1)'Word Slide

1)('Rpview

1) Instructor Use
Reinaining Time with
Questions and/or Discuss-
ion,

O
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SUMMARY,
,

4

Module Nbmber
1131122

,

Modtile Title
Intermediate Trickling Filters.

Apx. Time
Hours 3 &.4

. 2 Hours -

-

ft&

tubmodule Title

Hydraulic LOadings for Filters

Oh4ectives: Tyke Trainee Will:.

1) Calculate areas ,of a circle and rectangl,e.
2) Calculate trickling filter acres when given.

rectangplar and circular.ffidasurement,pf length
3) Identifrunits of flow commonly used A

trickling filter application
'4) Calculate hydraulic loadings using an eNample

trickling filter problem
N

Instructor Aid:

4

,

Ovei-head Projector with Acetate loil and Felt
Tip M'a'rker (Alternate-use .Chalk,board).

Handout and'WOrkbook
° u

One,Overhead, Transparency:

Instructor Approach:,
4-

. .

Instructor, seated, will write and work examples
On overhead projeetor'acetate film, Have trainea
work examplesin workbook.

It

-

t '

t

to

4
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Inst
and

. ,

i

,

,
,uctor will be seated at 6verhea4 projector and lead discussion

...rainee work as foOlows .Z
. 1 1

.,
r' ..

, b ,

, .

LESSON OUTLINE
Hurs 3 & 4.of 20

Hydrallic Loadings fer Filters

C -

a
Item

-

I

r

t
Instructor W
FolloWing:

the Instructor Key Points of
Emphasis, .

1 Hydraulic Lbading
'Nolume/time/area

Example

gal/minute/ft.2

or

million gal/day/acre
mgd/acre

4

or

gallons/day/ig. ft.

Explain concept of hydraulic
load- optimuM removal with
correct load

Explain area is square units

Explain foot x loot gives
ft.2 or sq. ft:
same as feet x feet = sq. ft.

.

Explain: gpm, mgd, cfs,
as of fldia

.,

13 t



Item. Instructor Writes the
ollowing:

2 . 1 acre = 43,560 ft.2

or

208.7 ft.

. acte 208.7 ft.

C

Step 1 .

Now - calculate how many
acres are in Silrface with,a
length. of 500 ft. and a width
of 500 ft.

500 ft.

500 ft.'

Area = length x width
area = 500'ft. x,500 ft,.J
area = 250,000

Step 2
1 acr.,--=43,560

. so

540,000 ft. 2

=.11.5 acres43,560 ft.,./acre

Questions?

14

.
Instruttor Key Pdint's of
Emphasis:

Length x -width gives surface
.area

or

-208.7 x = 43,560 ft.2

Allow apx. 3 or'4 -minutes
to have trainee get answer.

bx
slide rule,
calculator,
hand math

t

Em2hasizeiiMportance of units,
and faetor cancellation'
concept. e.g.

ft:2 := acres
1/acre

n

O

.1

4

0



\--,Instructor Writes/the
FolloWing:

In4ructo Key Po;r1 s of
'Emphasis:

. .

3 To calculate surface areaof.
a rettangle:

Area = length x wid1

Area 7 sq.. units
*sq.:ft.
acres.
111..tters

inches2
,

Another Example:

A trickling filter 25 ft.
long and 20 ft.' wide, ha's,
what surface area?

Solution:

'A = 1 x w'
A = 25 ft. 20 ft.
A = 500 ft.`

( or
500's4. ft.

Questions?

4

Define rectangle

ft. x ft. = ft.2.
Dr

sq. ft.

4

/,
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Item Instr
Folio

u for Writes the Instructor Key Foints:of
Emphasis

4

ve

c.

Ask s udents to find,Area of a
tric ling filter ,2Q0 ft. long
and 00 It. wide .
Also how many acres?

=, x w
A ,k10 ft..x 400 ft. '80000ft.

and

80,000 ft.2 .

4-3,560, ft .2/acre
= 1.8 acres

Questions?

e.

ait 5 ute after giving
roblem give indiVidual
elp -. then work with.
verhead.

ook frit "lost look ". on faces
r those not working.problem.

Two' concepts (a) surfaCe area
of rectangle and (b) caicu-
lation,of acres - the point.

s.

16
. _

r
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a.

'Item . nstlt,uctor Writeg the
Following: .

Instructor Key Points of
Emphasis:

5
1 k

4-.)raw a

,

and

Show radius and diameter

Area ='/I-R.2

4TC= 3.14 (no i.inits)
R = radius -

R x R square units
so

A = 3.14 R' x R'

k
or

A= 3.14 X ft.2.
or -

Other area units

Example:

Trickling filter diameter-
= 60, ft. Find the area in
square feet:and the'acres.

Step 1

d 2R
60'/2 = 30 ft. = radius.-
radius2= 30 ft.
A =qTp

so
A = 3.14 x 30' x 30141,

Work Out

e

a

17

R = radius,= )1-d
d = diameter = 2 kiL

Can determine in a plant by
(a) estimating walking, etc.
(b) tape measure and, (d)

oblueprints,{scale)

"Pie are round, cornbread is
sciparev. Corny, by it works!

3

d ,= 2 x R
so

60i/2 = 30 ft.

peck o see if decimals can
be ed.

4



Item 5

0

continued'

0. 3.14
x 30'

104.20 ft.

.

a.

and ;

104.2 ft. .

x 30 ft:
3126.0 sq.

Answer = 31260 ft.2

Questions?

Caltculatg Areas?

3126 ft.i--
43560 ft.2 /al re ="0.72 acres

Questions?

-

.,

r

One More Exam

Trickling FilterWith"200 ft.
diameter i$ how many surface
acres?

A =irR2
A = 3.14 x 100' x 100'
Area = 31,400 ft.2

Acres =,31,40A ft.2 = .72 acres
a '43,560 ft. /acre' '.

Questions?

A

g

A

O

Check decimal division

9

9
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Item Instructor Writes the

.

Instructor Key Points of
Emphasis:

6 Hydraulic Loading:

volume/time/area
IF:

2 gal. flowed-to a filter each
minute that was 1 ft. long
x 1 foot : wide, what is the
hydraulic lo4ding?

volume = 2 OA:
f ime = 1 mintike

area = l ft. x 1 ft. = 1 ft.2
.so

hydraulic load = 2,gpm/f,t,2
or

1 million gallons flowed sto
a-filtei: 208.7 ft. long and
208.7 ft. wide. What hydratiTic
loading in.mgd/acre and gpd/ft.2
went to the filter?

t

1 mgd = 1,000,000 gpd

'Step 1

hydraulic loa

oi--

-v Grilme/ime/area

-1,000,000 g ./day
Area = 208. ft, x 208.7 ft.
Area = 43,560 ft.2

so

111')
Loading.=

Lo ng =

000,000 gal/day
43,560 ft.2

22,9 gpd/ft,2

43 5°50, eft. ? Acres.
.43,560,ft.":
43,560,ft.2 /acre = 1 acre
Sp loading is

1 mg,;l/acre\(low rate)

Questions

Compare to mininum "wetting
rate" for plastic media
filters.

FiXed nozzles-

Review this conversion

Csk if low or high 'rate (Low)

19

I



Item
. 4

3#'

Instructor Writes the
Following:

-t a Instructor Key Points of
Emphasis:

4.

Calculate the hydraulic
loading to .a trickling filter

. as mgd/acre and gpd/ft.2-`
If the filter is 100 ft.-long
and. 100 ft. wide and receives
2,500,Q00 gal of sewage each
day?

Solution:.
Step 1

2,500,000 gal/day is 2.5 MGD

Step 2

.Area = 100' x 100' = 10,000 ft2
Acre =-1D7-000'ft.2 = .23 Acres

43,560 ft.i/acre

2.5 MGD/.23 Acre'
or
2.5 MGD = 11 MGD/acre
2 acre

Step 3

nd'gpd/ft.2
500,000 gpd
ea,= 10,000 ft.2

so
2,500,000 gpd =.250 gpdtft.2

ei

10,000 ft.2

- _Low Rate or High Rate?

Questions?

#

Write the Problem. '

Wait 5 minutes

Assist non-workers or
confused trainees.

sat

I

High Rate (See%Table)

E. 0



A.

-.t

Itein In4tructor Writes the
Following:

I

Given.h circular filter
diameter of 200 ft. and
flow .=1 5,000,000 gpd
Find:
Hydraulic loading in gpd/ft.2
and mgd/acre

what,type of filter is ,

it? Low?' High? Super High?

Hydraulic Loading:
5,000,000 gpd = 5 MOD
diftmeter = 200 ft.
radius = 200 ft. = 100 ft.

1'
Area =1FIR2

A = 1.14 x 100' x 100'=31,400ft2
so
Loading in gpd/ft.2 is:

1

5,0'00,000 g3d, = 15.9sgpd/ft.2
31,400 ft.

Loading in MGD/adre
*MGD = 5.0
Acre = ?
Area = 31,400 ft.'2
Acres =-31,400 ft.2 = .72Acres

43,560 ft.1/acloe'
Loading = 5.00 MGD

0.72 acres.

Loading = 6.5 MGD/acre

Low or High Rate? (High)

QuestionIZ
11.

Instructor Key Points of
Emphasis'

Give Problem.

Wait 5-10 minuteq._

Help Problem Trainees.
40

Work Together Using
Projector

Review this step

r

9

A

3

A

SHOW, OVERHEAD #1

"No

.21
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.

4

,f time pc- mits have trainees the following:.21,,

-.

Problem #'
.

.

- Details
,,

. .t
.

.

.

,

,

.

wer

.

. .

1 'Flow. = 3 MGD-..
. ' .

Dlametef of .T.F, = 2.35 f .

Find MGD/acre
-,

What type of filter?1
.

-

;
.

,-,

te.

.

.. ,

.

3.0
Low ., :

.

2

,
,

, .

,

Flow .= 3 MGD
.

,,
Diameter = 100 ft. .

`Find MGD/acre °

What type of filter ,
,---

.
. .

.

.

.

.

,

.

.

16.7
High'.

.

. .

3
. 4

.
. .

Flow = 10,000,000 gpd ..
.Diametei = 160 ft. -

Find gpd/ft.2
What type of filter

p di- i
i

pi-

,

.

.

.

.

.

.-
.

497 gpd/ft.2 '' .,

Super High ,

1

.

.

- ,

.
, q, a

.

How large should 2.ttickling, ,-._

filters be to handle. 10 MGD
of sewage if they are designed'
as low rate filters? .

(acres & diameters) -

. .
/.

-,

,

-

..--1-1

.

-

-.

:

.0) f

)SU t10 mgd = 5
2 each

'So, no sm ller
than 1. acres

>each or 132 ft.
diameter

D

a-

p

22
.1`
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0 I'
SUMMARY

Module No.
113H22.

.

Module Title -
I I

,Intermediate Trickling Filters

.Apx Time
2 Hours -

e

Submodule Title
Organic Loadings for'Filters

Objectives: The trainee

l)' Calculate volumes of rectangles and cylinders.
2) CalcAlate Trickling Filter volumes when

given filter measurements.
3); calculate crganic loadings as commorily-foun#

in trickling filters.
4) Identify and calculate "acre feet
5) .p6nvert.mg/1 to pounds/day, given flow.

Instructor Aids: Overhead projector with acetate roll and felt
tip-markers (alternate:'use chalkboard.

Haridout and workbook.

One overhead transparency,

Instructor Approach:
Ihetructor seated, will write and work example6

'.on overhead projector acetate film. Have traine
work examples.

. )

AP,

END

A

f

a

*23
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$

Itern Instructor Writes'the Following:
7

Instructor Key Points of
Emphasis

55. \

Organic Loading (Food) "

pounds of BOD/day/trolume

Examples:
,

lbs.p0D/da-y/acre foot
and.

lbs.BOD/day/1000 cu.ft.

Question's?

'1)Food -Lp media .volume assures
oytimum operation'

2) Too much is poor

3) Too little is poor.

4) Septic or poor growth -..

4

1

24

'

Se-

I

4
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4

a

'Item
./ Instructor Writes the Following: Instructor Key Points of

Emphasis:

2 Acre -= 43,560 ft2
1 acre foot = 43 560\f0:-

.

,

2WO.
.

deep

";-

Contents of box = 1,acre/foot
'(1 acre foot=43,560 cu. ft.)

208.7'

Example: ,

Trickling Filter is 230 ft. in
iamete (110 ft. radius) and
7 feet deep. How many acre feet
does it contain? -f

Solution:

Area =girZ
= 3.14 X

A = 43;721
118!
sq.'

\-1

x
ft.

-h.

118'

Acres 43,721-ft.2 = 1.
'43,560'ft.2/acre

Acres x fqet = acre feet
1.0 x 7.0= ,7.0acre feet

Example 2:

1 -

A, square filter 100 ft. long
and 10 _ft,. deep contains how
many acre .feet?

Area =
Area =
Area =

Solution:

l'x w
100' x 100'
10,000 sq. ft.

4

re

Acres = 1V,'"000 ft.2
43,560 ft2Tacre

, Acres = 0.23
Acre feet = acres x ft. deep,
acre feet =0.23 xl0=2.30 ac. ft.

.1).Review

I
".4

1,,,ork together with clase'..,,.

3) Allow class 8 minite
to ork, then,work toge her

l " ?5



A

\.

item Instructor Writet..the Following:
#

Instructor Key Points -crf
Emphasis:

r.

3 Organic 'Loading requires
Pour,24s.of BOD5/day.- Given
mg/1"

lbs.8 D5=8:34 x x.mg/1
4day

Example:

Infl.ilent.to filter is 135
ppm BOD5. The flow is 1 MGD.
The poupds/da.os BOD is
found:

4

lbs. =8:34X ;135 mg/1 x,1 MGD
day . °

F
or

.lbs/day BOD5 = 1126 lbs/day

Example 22

Influent tp.filter is
180 mg/l.Whiit is Lys,BOD/
day ihftl'a 3 Mg) flow?

Solution:.

z

lbs BOD5=8.34 x 3 MGD x 1.80mg/1
day

= 4,504

'Questiohs?

4

-. 1) This may. be a review for,
some trairTees and new meter-

.
ial ipir others.

-

.f 9

tt
0

2) Just 'to. be sure

Allow 5.,minutes to work;
then work'together.

O

26

5.

* .

ti



Item

IP

. .

Instructor Writes the Foll.pwing:/-Instruc'tor Key Points of
Emphasis:

4

by

. V

t 6

Organic Loading is lbs.BOD5/
day per acre foot

or

per 1000 cu. ft. of filter.

?t'
Example 1:

112k lbs. of,BOD5/day is 7

ldade (applied) to our 236'
7' deep 4(7 acre ft.)..

What is he loading?

lbs.BODE/day per acre ft.

or

112.6 lbs.BOD/day =161 lbs BODE
-7 acre feat acre{ feet

(low r ate filter and low
loading)

ExaMpla 2:
If 4;504 lbs. BODE is applied
to the square filter 100' each

. side, what is the organic
loading in lbs:BOIDE/day/acre ff.,?
And what type filter is this?-

1) Review

Solution:

4,504 sibs/day = 1958 lbs/day
2.3 acre ft. acre ft.

(Super High Rate.Xilteil

or
3.MGD,flow for 0.23 acres

3 MGD '=;1131r0 mgd/acre:ft..
0.23 -acres,

Hydralllic,load_means a. high_rate
with abnofmal load (industry?)
.of BOIS to the filter.

Questions ?

...1

'-
21 Allow 5 minutes to work,
then work, together:

A

X

3) Discuss-which type of
'industry might give this

.

overload

O

2,7



Item
. #

Instructor Writes thelFollow,ing: Instructor Key Points of
Emphasis:

Another way of expressing' organic
loading is:
lbs.BOD5/day
1000 Qu.ft. of filter,

solo*
To find volume of filter (cu..
ft.) just find area (as before)
and multiply by depth . :

'nor

V in ft.3 = Area,ft2 x ft. deep

ExIpple 1:--

Filter with diametei of 236 ft.
(area of 43,721 ft2) that is7
ft. deep has a volume of?

V = area x depth
or

V743,721.ft2 x 7 ft.
4V in ft3 = 306,047 ft3

or

306,047 ft3 = 306 units of
1000 fti/unit 1000 ft:a

To find organic loading in
1bs.B0Dc/aay
1000 cu. ft.

Simply DivlAg:°

1126 ii,s.BODc/day
306 units pf 1000 ft3,,

r
1126 = 3 A lbs.BOD5/day per

000 fta

so'

(Low rate filter with low BOD
loading)

Questions?

Continued'

28

e

V,

s,

Expect Some

10,

to.



V

Item
'#

Instructor Writes the Following: nstrAact6r Key-Points ,

of Emphasis:

5'
cont'd

Ancither example, to be sure.

4,504 lbs..BOD5/day
(example above).'
applied, to the square filter
100 ft. each side, that is 10
f%,.,.deep. .*

Find (1) the organic load in
pounds of BOD5/day
1000 cubic feet *,

(2) the type of filter (high,
low, super high)
(3) is it correctly loaded?
Yes?
No?
Why?

SOlution: r

Step 1

ft3 V = Areq(ft2) x depth in ft.
V ft3 = 10,000 ft2 x 101=100,000ft
To find units of 1000 cu.ft.

100,000 ft3=100 units of 1000 cu.f

Step 2

Organic loading =
lbs.BODs/day,
units of 1000 .cu.ft.
.Organic loading =
4,504 lbs.BOD5 /day
100 units of _1000 qu.ft.
Organic Loading =
45 lbs.BODVday
1000 cp.Tt.

Filter' is nigh °rate 'or supe :

high; rate (loaded very low)

Questions?
sos

Allow 5 minutes to work,
then work together

o -

N

7

$

Show Overhed;Slide el
tie-

29
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1

rit1,

OVERHEZW # 1*;.

Type.of Filter Organ4 DoaCling-units

Lbs.BOD/day/acre ft. pounds BOD/day/1000cu.ft.

Low Rate

High Rate

Supe Itigh Rate

o

200:a000

1000,1300
.

5-25

25-300.

up to 300

* MOP 11-WPCF Guidelines (1977)
. .

0

de'
r

J 0



If time permit(s, have trainee work the follOwing e5eampleq:

Problem Details'

3 Flow = 3 MGD
Diameter = 236 ft
Depth 1- 10 ft.
BOD = 100 mg/1 to ..filter.4
Find lbs.BOD/day/acre foot

What type of filter?

Answer

250 lbs.BOD5/day/acre
V

Low Rate
a

Plow, = 100 MGD
5 Filters loaded equally

.

'BOD = 130 mg/1 to filters
Find the area of each filters
to give a loading of°10 lbs.
.of BOD/day/1000 ft3 of media

3 Flow = 2 MGD
BOD = 400 ppm t liter
Filter = 40 f . and
20 ft. deep.-!.
What type of filter`
is this and is,it over-
loaded? Why?.

1468,000 ft3,for each of the
. 5 filters:each 232 ft. square
and 401t. cleep.
6uper03igl

Supei High Rate (Plastic)

Organic Load is'?

672 lbs/day =209 lbs/BOD5
units of looa

rganic load OW'.

Hydraulic load:

\ 2 000,000,gpd = 1250 gRd ,
16Q0 ft2 per ft4

Hydraulic loading overloaded
(Slightly)

O

END
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' SUMMARY

',Moaule NUmbL
113H22

40

Apx. Time
2 Hours.
Hours 7&8

Module Title
Intermediate Trickling Filters

*

Submodule Title
Recirculation Ratios - Calculation

Objectives The Trainee Will:

1) Recognize and.list the reasons for using recircu-,
lation in a trickling filter operation,.
2) List common BOD concentrations to a trickling
filter and correspondinTrecirouration ratios :2-
3) Define recirculation 'rate. and 'calculate .

corresponding numerical values.
0 'Demonstrate a working knowledge of operational
cont ;ol for a trickling filter by completion of an
example problem.,

4,

InitructOr Aids:°-
Overhead projectOr with acetate roll and felt tip y
marker (alternate-use chalkboard)

....

r---

*ndout and workbook

'Verhead,transparencies

\ 4rgi
Instructor ApproaCh: Instructor 1411 present overhspd slides and'work
examkles. Have trainee work el,:Amples in workbook.

\/

I,

C

32
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' Item #

LESSON OUTLINE
Hours 7 & 8-bf-20

Redirculation Ratios - Calculations

Overhead or, Write -Key Instructor Points

Recirculation -Why? Ask uestion,b lead
discussion

2 Recirculation: 4

1) -Used for high,or.sUper high
filters
2) Improves hydraulic and organic

'loadings (if needed)
3) Improves efficiency

Review Filter types

Review wetting rate,.
BOD, and hydraulic
loading.

Will cover in next
lesson,exact amount

3 Typical BOD Removal:
Primary 35%

-Influent 204 mg/1 BOD
(.17,1bs/capith/day and
100 gpdc)

What is normal Bop tb filter?

Review .these concepts.
Recaj.culate if req'd.

oun s = 8.34 x mgd x
mg/1

e trainees answer.

4 Right! 130-135 mg/1
65% of 204 = 132 "

Review, word slide

5 Higher'the BOD....
Greater the recirculation!

Word slide

I

EPA Table
Recirculation rate for maxim-
BOD of Settled wasteliater,

1/Recirculation
,B6D mg); Ratio°

130 1:].

170 211
220 3:1
260 4:1

33
A
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...

.

.

....)

., --
,,

1
.

.

.

,

-

7.

.

''

.

,
.

ratio defined as
total number off times wastewater
returned plus 1. , .

\, 1 . ,
.

.>

I.

Example:
mgd., Total

mgd,' Recirculation Hyd'iaulic Load-
Flow Ratio to n' ter

>1.!

/

'

- . .

Review and explain
.

"'

.---.

.

.

.

. ,

.

.

i 4
i' . 1

4

r,
.

.,- c

'-i.
.'

.

,

.

.
, /

5 .1:1 1+1)(540
IL .21 (1+2)x5=15
5"'" 3:1 (1+3)x5=20
5 4:1 . 11+4)X5=5- . .,

5 -5:1 .01+5)x5=30 .

8

.

,

Que' ors .

Whihydraurc loadillg would'a
3 m C.-6w w th a.4 to 1
rebirculation ratro be?

,

------1 -.:-.1

Word gliO
.

Allow 2 minutes
to solve

t

9

.

,

g5 mgd - Right!
.

OR
Flow = 3mgd x (1+4) -, .

Flow = '3mgd x 5 = 15. mgd .

30

)

Explain

.

.

.

,

.
.

,

-

What BOD range would you expect
the trickling filter influent Co
be? -. .

. .

,

.

Word slide.

. Ask canestIon

.

11 Right! ai5x. 260 mg/1
,

%

'''

'!ReView slide 6
if, required

0 .
.

. .

.

_

12
,

.

.

(Write on overhead) .

If.a wqstewater flow of 8 rrigd
contains 20,100 sounds of BOD:,
what total flow in mgd would

- yoll expect to treat? Why?
.

'

Allow 5 to 8 minutes
. to work, then work '_
' together

,

..

?-----,

.

_

.

,

4

4

.

3 4
4. . :

.

.
.

,

.
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433

Sa

13 (Work on overhead, seated)

.1;

lbs.BOD5/day =8.34 x mgd )011g/1 $9p5
SO
'20,100 lbs/day=8.34x8mgd x mg /i BODE ; -
SQ

Work

20,160 lbSiday = mg/1 BOD5,
8.34 x 8 mgd

and

20,100 = 304 mg/1 'BOD
66.7,

Questions?

14

304 mg/1 BOD to filter
optimum recirculation is
SO
total flow expected:
Flow =_ 8 mgd x (> 4 + 1)
Flow = P 40 mgd.

Questions?

Continue to work and
and review

.3

*

15 Remember
higher BOD-higher recirculation
high rate filters of super high
improve loading A

improve effi'Ciency

pounds = 8.34 x mgd x mg/1
day

Mi
.Total flow=inflUent flow x

recirculation ratio +1

A Removal.=,in-Qut x 100

Questions?

Word aide, aumthary

3

30

-END
f

35



STUDENT WORK EXVR6ISE''
1 Hours (Hour 8)

Recirculation Ratios Includes Hydraulic fi Or ania.Loadings

Problem 1:
A

Given flow tb pla4 = 12 mgd ..' .

Plant influent total lbs.. B6D5/daY = 8,000
% Memo al in primary plant = 38% .

/ -

. 46Plant has four high rate filtecs' With 300
0

ft:. diameters
.Re-circulation is practiced. Plant is mechanically 4(good working

order. .

Question: What recircultion ratio would jou erecommnd for ,best
.

.

recommend
\.

. plant performance?. Why?-
. - , cAlso

number
e

,

1) What is the umber of pounds,of BOD5/day to.each
of the filters?

, -

2) What is the mg/1 BOD toieach filter?

3) What is the total flow into all fout'filters in mgd?

4) What is the hydraulic 14adingAafter recirculation)
for each filter? . -

5) What it ,the organic loading (afte.r recirculation) for
each filter?.

(You have up to 1.hour to .finish)
If you finish early, see the instructor to check your' answer

Problem 2: (For Fast Finishers of Problem 1).

Given the foil& ng: . -

BOD nto plant.= 1000 mg/L
Pr. ary removal. = 52%
P int f1 = 1 mgd .

Filters Wiere are..2) plastic media
Towels 40 ft' wide 'and 20. ft. long and 20

1) Would you operAe the filters in paral
. Why?

ft. deep

014 serifs?

, :P.

. 2) What recirculation rates would you uSe in ,your
operation? Why? . . .

r,

36.
r
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Kodule Number
. 113H22

SUMMARY

A

Mod le Title .

I termediate Trickling Filter
.

Apx. Time
2 Hpurs
Hours 9 & 1.0

Submodule Title
MeaSuring Trickling Filter Performancp--

111.1===

Objectives - -The Trainee wiV,r

*lb

\ 1) Recognize and list the performance of.a trickling .

filter using the parameters of settleable solids,
suspended solids, dissolved oxygen, BOD /tOD, nitrogen
species, and pH.,

'2),,Calculate a materials balance for an example
trickling filter plant,

Calculate the'estimated efficiency of a trickling
filter performance using various recirtulat.

sr

Of
.iAtios:

4) Work a typical problem to find optimibm'recir-
culation to achieve desired trickling filter -

performance.
,

r.

Instructor Approach: Overhead transparencies and work at overhead
projector

S

END

37 /
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A

,g4r7-f*,

,

Meas
'LESSON OUTLINE

ing Trickling Filter Performance
, Hours 9 & 10 of 20

Item Instructor Writes or Uses
# theiFollowing:

Trickling filter converts
-.non-settleable to settle7
'able solids.

'Instructor Key 'Points of
Emphasis:

Emphasize secondary setting
function

p

Aerobic Treatment

Needs
Food ,(Sewage)
Oxygen (air)
Bugs (Bacteria -i- Others)

Review from Module 1

3 Trickling Filter Performance
measured by -:

1) Solids-suspendedsettle-
able.
2)'BOD/COD reduCtion
3) Solids ,produced (humus)
4).Nitrogen oxidized

. 5) Recirculation
.hydraplic & orggIc loads.

6) Oxygen-near satur tiori - .

7) No abnormal problems
(odors, snails, ponding4,e,tc.)

Word slide, review as written.

Answer questions

4, Typical trickling filter
treatment plant.

/
Review flows and reference
to the following example

Solids to Filter

'Suspended Settleable,
Solids Solids

35-45% of Trace
plant '(Imhoff cone)
influent

A'

Typical' Plant- suspended
solids 40%-'of,100 mg/1
120 mg/1 (Non-gettleable,
colloidal) ,0

OR l
continued

38

Review settleable solids
removed.in primary

Suspended solids lbs/day
is important



S.

5 For 1 mgd flow:
coht'd lbs.ss/day = 8.344,.x i mgd x,120,mg/1

lbs.ss/day = 1000 lbs./day
(conveited to humUs)

Normal Performance:

Lbw settleable solids and low
silspende'd solids in effluent.

6 BOD/COD .

Primacy removal'35-40%
Trickling filter influent 65%
of 204 mg/1 = 132 mg/1

For 1 mgd flow:
lbs.BODs/day = 8.34.x 1 mgd x 132

mg/1
lbs. BOD5/day = 1100 lbs./day

Total BOD kemoved apx. 80- 90 %-of
_plant influent.
If influent is 204 ppm, 85%
removal leaves 15%.'
15% of 204.mg/1 =-30 mg/1
Normal BOD expected 25-50 mg/1
,AND

49Dult. %`." 1.6 BOD5

BODult. o't- COD

a

Review what .WD means.

Review calc9ation of
BOD ,

--*

Review BOD/COD, and BOD5
and BODulf
solids relatibnship

7

4

Solids produced (humus) from
oxidation of 4issolved--and'non-
settleable suspended solids.

0 Simple calculation:
.f

Part 1

Suspended solids:
Plant in-fluent 300 mg/1

-Primary effluent 105 mg/1
(to filter)

Primary effluent 30.rog/1
(from filter).(90% removal)

Filter removal:
105 mg/1 - 30 = 75 mg/1
lbs.ss/day.=75,mg/1 x 8.34 x 1 mgd

( lbs.ss/clay =626 lbs/day (sludge)

2
39



0'

0,

10

8 Part 2

BOD oxidation:
BOD into plan't 204' mg/1
Primary effluent 132 mg/1
(to filter)

Leaving Plant 30 mg/1
BOD removed on filter:
132, - 30 = 10°2 mg/1

1 lb. of BOD produces 0.77 lbs..
of sludge.

lbs.BOD/day removed 4 8.341x 1 m
g 102 ifig/1

lbs. BOD5/day = 851 lbs:/day

BOD gives 0.77, lbs. sludge
SO
851 x .77 = 655 lbs.sludge/day

Work With student on-,
proAem, explain BOD-.
oxidation.

9.,

10

`Sludge.from ss = 626 lbs/day
Slud9g from BOD= 655 lbs:/day

ti

. ft

Total, . 1281.1bsOay

dry ,sludge based on 204,mg/1 BOD,
and 300 mg/1 suspended solkdS)

Review calculations

Questions.

. Sludge Volume'

lbs (dry) x 100 = lbs/wet
so % sludge

1281 lbs(dryj x 100 = 25620 lb/wet
5

fi
25,,620 lbs (wet) = 3071 gal.

8.34 lbs /gad`

So - expect to pimp

"..apx.-3071 gal.sludga (95% water)

4 0.



a

a.

V

Nitrogen Oxidized:

1)-Find nitrogen in-plant influent
(say, 25 mg/1)
1 mgd = 209 lbi/day

2) Estimate 99%.conve2.sion
99%- of 209 'lbs 7 207 lbs.
Removed - 2 lbs. left
OR

-.25 mg/1 left
But

-:1 1b.NB3 gives- 4 lbs of Nitrate-
(N05)

Normal values 20-50 mg,(f ea

N12 Recirculation Ratio &lerformance

National Research Council 'Formula:

E =
I. 100"

.0085 {WNW

Where

E = % RemoVal,BOD5'
414t1 =.BOD load lbs/day_
F = Recirculation Factor ..,

.V.=.v.olume of filters media
(acre-feet) .

7 AND.
= Recirculation Factor

F = + r
(1 + .01 02

=recirculation ratio

See Metcalf & Eddy
Reference

Keep the trainees calm:
tell them not to panic-
that you will work out
step by step

AA.

.

. IP

41



13

Write
on
Over-
head

Example 1:

Given:
Flow = 250,000 gpd
Filter diameter = 96 feet
Depth = 6 feet (acrd feet = 1)_
BOD to filter = 175 mg/1°
(lbs. BOD5 = 366/day)

E

E

E =

100

'1 + .0085 VIT/T.T7

100
_.c

, 1 +' .0085V366/1 x 1

100

1 + .0085 V366

100
E =

1 + .0085 x 19.1

100

1 +.165

E = 100 = 61%
1.165

61% of the BOD will be removed
or 100 - 61 = 39% left

Effluent will be:

39% of 175 mg/1 = 68' mg/1

Show hoW to do square
root.

Show how to find
.0085 x 19.1

Questions

No

42
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e

14
Write
on
Over-
head

r

Example 2:

Assume a 1:1 Rec irculation ratio:.
(Same dAta) .e

1 + r
F =

I

.(1 + .01 r) 2
- --

F,=- Recirculation factor

F= 1 +'1
+ (0.1 x 1)2 ,,,

. .

F = '2.

1 + (1.1)

F = 2 ,c

1 + 1.21

F = 2 = ..90
2.21 -,

4
t .

E. F-; 100. :

E =

4

1 + .0'085 y 366/ 1 x .90

100-

1 + .0085 V 407

E = e Y.00
1 + .0085 x 20.2

E = -,,,100

1 + .17

E .= 100 =85%
.1.17 '

0.3

SO .

100 - 85 = 15% left . ,

15% of 75 mg/1 = 26 mg/1- BbD

0 .

L.
1. 0r

Show how tos do this, step.,

Questions_

;

s

.

6

D

.3

o

1

One extra pass reduced-
BOD from 6? mg/1 to 26 mg/

.

. 1

.e.

...

. .

...



4.

)4.

1'5

Work
On
Over-
).lead

1

Example 3:
Recirculation ratio bf 2:1
(same data),

F = 1+ 2
1

F =

+. 0.1 x 2-

3

1 +

F = 3 .

1.2

=
AND

E = 100
1 + .0085 I/ 366/1 x 2.5

E = 100
1 ,+ :0085 147

E = 3.00

1 + .0085 x 1

E =' 100 4
1 + .103

E = 100 .= 91%
1.103

O

BOLTC=9% of 175 = 16 mg/l

0

Questions

. 16

a

Coriblusion:'
Recirculation, % mg/1 BOD
Ratio Removal in. Effluent

0 61° . 68

1:1 85- '?6

16'

Summarize and, ask
Questions

c.

a

0

4 1
17 Material Balance Slide

, A

0 1,

A

2'114 A

Explain slide

END



Given the following:

Flo'' 1,250,000 gpd
Filter diameter = 320
Depth-= 7 ft.
BOD to falter = 200 mg/1
suspended solids °= 280 mg/1
(to filter

STUDENT HANDOUT

Problem to.be Worked .

feet

High -rate filter

FIND:

1) The solids removed as sludge,(assuminir-
'a 5% sludge & 95% water in gallons/day)

2) The % removal for BOD5
a. no recirculation
b. 1:1 recirculation ratio
c. 1:2 recirculation ratio
d. 1:3 recirculation ratio
e. 1:4 recirculation xatio

3) What values would yoU expect for
nitrate aevels and dis6olved -

oxygen levels?

Of

,

Aebi4h in class, have
turhep in next period!

1
,Help Trainee . with
problems on individual

.

basis .

(answer)

Answers:
a.

Nitrate: high depends
on plant influent
20-50 mg/1
DO: near saturation'
depends upon temperature
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SUMMARY.

Module NUmber
113H22

Module Title .
. Intermediate Trickling Filters

Apx. Time
Hours 11, 12,
13 of 20 .

3 HoUrs

Submodule Title
Materials and Design of Filters

Objectives: ,The Trainee Will:
,7

. . " -

1) List the trickling filter growth pattern and
trend to high rate filters

2? List the five key items in a Tricklin-g Filter
operation /

3) List a comparison of high and low rate filters
4) List' design gu4deldries for high and low rate

trickling filtr components
- .

5) Explain design differences between low and
high rate filters .

63' Uiinga Trickling Filter design nomograph -
solve three typical trickling filter design-
size problems

7) Discuss and describe industrial 'applications
. dDf Trickling Filter treatment

'. 8) List common design information.regarding
biologital filters

A. Instructor Aids: Overhead Projector Transpaiancies, "Handbook of
Trickling Filter Design" by Public Works"Publications
liandout (cost $1.60) from Public Works Publications,
20'0,-'Sbuth Broad Street, Ridgewood, New Jersey 07451

Instructor Approach: -Hour 1 - Either at home (best) or in class, read
the handdut'cover-to-cover
Hour 2 - Follow outline,jibur 3,- ProbleMs

3 ,".

4



1

LESSON OUTLINE
=' Hour 11 of 20'(1 Hour)

Materials rand Design of Filters.

Item Instructor Will: Instructor Key Points of
Emphasis

Assign and have trainees read Encourage them to 'read.
"Bandbook of Trickling Filter it And to re -read if '.

Deign" by Public Works Publi-
' required,. ' .

cations (26 -page Handout)'
Best if done at home before

,

class

END (Hours 11)

I

47
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LESSON OUTLINE
Materials And Design of Filters

Hours 12 & 13 of 20.
0 .

I tern

3.

Lecture - No audiovisuals
Instructor Comment

..

1. Ask question - gow Many of You. Read
Publications?
(some will not have read)

2. Explain that you will now review.
page 'by page.

3.,-Begin by eXplainipg who wrote this
publication and where. To-get more
copies (bottom of page on.foreword)
Cost -'$1.60'

2 Foreword

1. Rapid Growth of Trickling Filter Use in U.S.

2. Indicatelyhat the Trickling Filter Floor
Institute is all about.

t.,.* .

3. Indicate most,filter deiign fbdaris going
to plastic media rather than rock.

3 Wastewater treatment with trickling filters
Page 2.,

1. Covers aerobic treatment (food, bugs, air (Oxygen)-
questions

2. Filter needs :'
(1) Pre-treatment of 'harsh wastes
(2) Good distribution, of wastewater
(3) .Good filter media,
'(4) Good underdrain -

(5) Good ventilation
(Most problems in,these areas)

°

3. Types of Filters - High, Low, ,"Super High"

4. Loadings Reviewed, as well as depth (coveted before)
Organic vs Hydraulik,

5. 'Ask if abbreviations understood

6. Explain WPCF MOP 11 reference as cited
Who. WPCF is and types of manuals available

4

48



7. Review 30% removal by'B:O.D.-
&.,

\\\

8. Ask i"Singleterms (page 3) "Single sage filter",___
recirculation, primary clarifier, secondary

\
clarifier are understood.

0
-

,

,,. Key Point! - Must evaluAe trickling filter
and secondary clarifier together. .e.

10. \Other units of.Txpression - Questions?
1

o

11. C mparison of Filter Types . .

.Re Point -- Same design foi construction of
low nd high rate filters :- Plastic' different
const uction - Review of .effluent quality - Questions?
Key id a design made to fit objecU4ves of treatment.'

. .

.

12.' Pre-treatment:. Summary (page 3) .
.

Primary clarifier design: °- .

2-hour detention time Sexplain dt if needed)
(variation in. different states)
Surface overflow rates and depth (vary with state)
Help balance ushockydraulic, organic and

toxic loads to- filter ,
,

a P
, Emphtsize sewer u06 ordinance a key to pre-treatmentJ

Y

At. Intermediate and Post-treatMent.
- Review - that they have limited use

14. Effect of Temperature
Trickling filters work best inwarin climates,

. May be covered
Cold weather - loseB.O.D. Removal and ice
Key Point - Provide bleed valves as Listed-
B.O.D. of effluent often is 20% greater in winter
Design solution make filter -"43%" larger
Northern U.S. design 25% bigger than Southern U.S.

design

a

Often 3 weeks required to get good film on Trickli..ns
Filters - If cold, leng/

15. Applicability (page 4),, ,

-Trickling Filters work on'_vaeak or stong.domestic-
or,industriaL wases.

49
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A

Media, Drainage and Ventilation -(page 5)
=411>

1.iFive Essentials of Filter
(.1), Basic filter support
(2) Underdrain blocks
(3). Retaining ;walls °

(4) Media
(5) Distribution system'

°

2. Filter Floor and Center Channels.:
Firm and uniform Base - Concrete on well;- compacted
earth - 4 to 6"thick light re-enforcement,
oor slope,iMportant - Use normal flow charts .for
design (paraphrased)

3.'.Center channels - 8-inch pipe for standard rate
filter, high.rate°16 or 18-inch pipe.
Configuration of center cha nels
Extend center channel thro gh filter pall into
cleanout box - Questions

t Underdrain Block's (page 6)°

1. Stress, importance of good. ventilation.

2.- ikview types of blocks and who makes them,

7.
demenions, etc,

. ,

. 0 7.
©

Ai . Revies:r ASTM Specs .C159
r .t /

`(Who ASOvis and Specs, etc.) ,

...

4% ..Review contractor ,t!Specig,- laid in dry 'mortar bed ,.

11:fliter floor before Stone is placed, composition
,
mbtor .ai re etc. Questions?

t
f

Filter :lte r Desi :

1 Depth 3 io'10 Teet.(plaStic-to 40-feet)'
pi, 7.-

-.
2. Wallsit-einforced colicrete 7'8 to 1? inchest thick

No wails is-a:poorlkideal

Review Specs as listbd'
Cleanashed 7 21/2 inch commonly used
Uniform size - Expclain Tab 1 -

Plastic discussed 7,Light.- High'loading possible
.Goodventilation.
Media placed on filter - technique very important -
belt conveyor - Questions?

50
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Distributors

2Review man4facturer'S list - Questions?
Standard Specification - Example - Questions?
(Pages 9 "& 10)

r-

Sow

11.

Standard Rate Filters (Page 11) .

1. Review loadings - B.0.6.4600 pounds/acre foot
.. Trend toward high rate ,,. .

.

-3. Average depth 6 feet
4. Loading not depth key to nitrification

'5. Hydraulic.loadings - Average 1.8 mgd, but no
"fixed standard"-

6. Ask Question Page ll - Canyou work (3.5 acAs of
filter-required)?

.7. Organic load often governs hydraulic loading
8. Media, underdrain, distributors discussed before
9. Rotary distributor (page 12) will operate with

I. minimum discharge 40% of maximum, will handle
flows 21/2 times minimum - requires 215 tp 4 feet of

,, head ..

10. Dosing tanks '(page 12) - dt - 2 minutes at 2 times
the average rate-offlow:

»* c,
Drawdown 10 inches but 12.inches.

11. Pre-treatment as discussed before
12. Filter performance as before . -,,,__

13. Design efficiency (NRC Formula) - As worked before
Questions?-

9 I

A Nomographic Solution For Design (Page 13)
'

.

1. Purpose to reduceD,time ill finding- size of Tickling
Filter units (gives fa /rough answers).

2. Also used for estimating B4OX. removal_

3. To use you must know:
(1) % B.O.D. removal,desiied
(2) Pounds of B.O.D./day applied,
(3). Hydraulic load - mgd

4. Step 1 - Step 2 - Step Step 4 - Step 5'
Step 6 - Step 7

41h
Read sections and-do, us ng nomograph
Taken fronlbook and pla ed on blackboard
Do it stepwise with an example - Questions?



0'

A

5. Have students use nomograph to*solve,phe three following
problems:

Problem 1

1 MGD f1oW, 192 mg/1 B.O.D.
5

- want 55% removal
Effluent = 82 mg/1

I
Problem 2

70%..rem2val desired - Flow =-5 MGD
B.O.D.5 to filter 135 mg/1
Find -the diameter and depth ofstandard rate filter
Answer = 2Q0' - 31/2' deep

Problem 3°

Find the optimum removal (% B.O.D.) expected from
afilter 167 feet in diameter, 7 ,fee't deep, recircu-
lation ratio of 2:1 with 2 MGD flow and B.O.D. to
filter of 102 mg/1
Answer

I

h

.52

O
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VA.

ti

Solution - Problem 1
(Red Lines)

55% Removal desired

1600 lbs. B.O.D./day applied
a mgd, B.O.D.5 = 192 mg/1 0

)
Step 1 -'Select correct.lat. (40° & 45°) through

RT - intersects at 5,200 pounds applied/acre-foot

Step 2 Connected 5,200 lbs./acre foot to 1600 lbs.
B.O.D./day (Red line) - Noted intersection at
point D

04tep 3 - Followed parallel line point,D to point I
Gave solution diameter = 50 feet, approximately

,4 feet deep.

AB

. -
4

53
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I

a

.

Sol i on lem 2

geLecicOr ect (Lats. 409 & 45° N)

2. % .removal gives 2,000 sounds of B.O.D. applied 'per
acre foot
Flow = 5 mgd, mg/1 B.0.15.\tc, filter = 135 pounds
B.O.D.

5/day = 5630

3. Connected 2,000 on top to 5630 (estimated on scale)
On bottom (just left of point q)

4. Found point on Line RR
Approximately. 2 inches below RR-TT.intersectioll

. Followed parallel line to TT (approximately 1;3/4" up
from RR-TT intersection)

'ANSWER: Solutions -
t f

4 Low Rate Filter Diameter - 200 ft. v.

Depth - 31/2 ft.

Awn

u

54.

I

V
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ti

,



A

V z

L

Solution - Problem=3

Given: Filter diametek 167 feet, depth 7 feet
Recirculation ratio = 2:1
Pounds applied to filter = 1700
Pounds B:O.D. /day
Flow = 2 MGD, 5B.O.D. td. filter = 102 mg/1

To find the % B.O.D. removal (optimum)

y-
Follow green. lines to Point.A - Gives 851rremoval

."

4.

A

,

5 5

. e

. J

o
a

I

I

4

.
\-e
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4 '

y;

10 Design of High Rate Filters (Page 16)

2 11

1. High Rate means.recirculatdon practiced.

2. Review organic and hydraulic loadings.
)

3. Review types of high rate filters discussed with
various recirculation (Page 17)

Define "single stage" vs "two'stage" filters
single stage = parallel operatiOn
two stage= series

5. Recirctilation and performance
(Previous 'lesson) Briefreview - Questions?
COvez,.. B.O.D. removal curve (q.0 state` standards)

4

6. Cfink references as listed (Pages 18 & 19)

7. Clarifiers: Detention time - 2 hours
,./

Overflowirates , 650 to 800 gpd/ft:.2
EPA now requires scuth'removal!'

8. Treatment results.- Cdvered before, but reyieq these
seven items -.they are important!

.

1

.

1....
.

.

Industrial WaSte Applications Review Examples:; (Pages 20 & 21) I
) ..

1.. Cannery wastes 4

2. Dairy wastes
3. Fermentation wastes,.

,.4. Distillery wastes
'5'. Yeast factory wastes'

'4

6. SlaughterOuse and meat packing
7,. .TeXtile wastes 4

.

i- ,9 Pharmaceutical wastes
S.,! Phenolic wastes

) i .t10.'" Pulp and paperif. 7 Metal finishing '4

Ask traine0 whereindustkal applications exist in the
area near the coprse'location.

Stimulate discussion (5 oi 10 minutes)

'1

t.
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2.1

a

Y2 "Design Considerations For Biological Fil ers"
(Optional - time' may be short)

1. Review NRC formulae for single vs second stage filters`

2. ReView 6 items 'on page 22 and 3' recirculation advantages..
on page. 23.

. 'Review charts (Pages 24 & 25) if. time permits

4. Review conclusions. on page ,26' - very, important!
8 key ideas!

4

131 . Questions?

'END

(Hour 13 of 20)

,
3
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SUMMARY

Module No.
113H22

Module Title
.

Intermediate TricklingFilters
4 It

*I.

Apx. Time
1 hour
Hour. 14 of 20

Submodule Title
Abnprmal'Trickling Filtet Performance.

Objectives: The Trainee will: ,

1) Recognize and list abnOrmal trickling
filter performanc6

Instructor Aids: pverhead projector
'Overhead transparancies

In6tructor Approach: lInstructOr will present overhead slides'
and jead discussion.

r .

I

7p

END

0
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LESSON QUTLINE
. 'Hour 14 of 20

Abnormal Trickling Filter Performance

-Item Overhead or Write

a

'Key ligstructor Point '

Abnormal Performance in:'

1) Personnel
2) Grpunds, Maintenance & Records
3) ' Filter operations,

I) Word slide - Read_

Personnel? 1). Stimulate discussion
of what. to look for
in personnel area.
(5 minutes)

_ Personnel observations

1) Personal appearance

2). Attitude and motivation

3) Technical skill

4) Certified?

)

5) Walking tourndththperator
talking

1) Beards, clean, etc.
.

. 2) Do they,wanX to do a
good job?

3) Trained qualified

4) Legal `aspects and
personal value of ?.
Discuss

5,),. Listen and learn

Grounds & Maintenanceii
Look For What

1) 'Ask questions
Lead -discussion

5 C Grounds, Maintenance and Records-
1. 'GrOunds Ail kept

)

Flowers, grass, tkeds
i

,
?

I

2. Media condition - Greeri-or
other

3. Buildings, pai4ted,
well-maintained

59

1) Good motivation
Good housekeeping,

2) Industrial loads
Non-compliance with
sewer use ordinance

3) Pride in operation



4. Records - both-operation and
r\ reporting are.proper°

10)-

Laboratory procedures correct?
Using standardized procedures
for permit data and reproducible
O&M tasting procedures

4) Emphasize type '0
records needed an
notbeing a "pencil
chemist"

Stress difference
in types and need
for "Standard Methods"

6) DisCuss trainee
experience in thege
tredg

6 Filter Operations Common Deficiencies'

1. Media problems - Anaerobic,.
Grease, Broken; etc.

2. Leaks around seals
4.

q,
1).. Discuss

1) Review how to correct.

3. Improper distribution of sewage, 1) Discuss importance
flow not evenly'split, clogged
nozzles, splash plates incorrect

A. Poor B.O.D. removal
. .1)

Poor Nitrogen (NOD Production , 2)
Poor Solids Removal
Poor D.O..Level in EffluentNihy?

of proper distribution

Question word slide
Lead discussion' of
one at a time

7 Filter Septic - Poor D.O.
,logged ;Vents
Toxic Wtsteg
Till of Biological Forms

-1) Discuss each

poor SOlds Removal
Seasonal Variation
Grease'Problenis
Poor Secondary Settling
) a

1) Discuss - Have
t4ey seen examples
Of each?

/'

9
.3

oor Nitrogen*Okidatioh

3-3 NO
2 -44103 ,

.gJow"OlnenSupplied
S.O.D./VP ratio off
pydraulic Vpadirig'and/or organic

loadi9g incorrect .

1) Word Slid

60
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10 Poor B.O.D. Removal
of the above

-Low Oxygen
Industrial Loads
B.O.D./N/P off
Media problemS
Distribution problems

Final B.0;D. 25 to 50 mg/1

1)' Word Slide

11 Common Problems
Ponding
Odors
Filter Flies
Snails
Uneven Distribution
Industrial Shock Loads
Heavy Sloughiffg of Growth

1) Discuss each' more
detail an next
module on "Trouble-
shooting"

=Reference - EPA
Course 179.2

12 Process Control Testing
B.O.D. daily
Suspended Solids daily

_Dj.ssolved, Oxygen daily
Option: C.O.D.
Nitrates/Nitrites/NH3 daily

0 IN

A

1) Reference: "Evaluat-
ing O&M Problems at
Wastewater Treatment
Plants"

4

'13 Other Useful Tests
Temperature
Flow
Odors (Sulfides)/,
Media Intpectioni
Snails and other-growth
Organic/Hydraulic Loads

1) ) Discuss
2) I Questionb?

o

What Have fou Seerj,
Problem8?-

15 Questions?

1) Ie'addiscussion oY
abnormal Trickling
filter Problems -/
(10 minutes,

1) ti4ord Slide,

END



SUMMARY

. Module No.
113H22

Module- Title
,Intermediate-Trickling Filters

Apx. Time
6 Hours
(15, 16, 17,
18, 19, 20 of 26T--

, .

Submodule Title
Field Work and Visit to a Trickling Filter
System

.

'O'bjectives: The TrSnee will:

1) 'Demonstrate t e ability to organize a field
visit to a rickling Filter Plant when .given:,
(1) the ant plans As built)

. (2) 0 & M Manual
(3) opies of the NPDES monthly report
(4),/ copies of the 0,& M monthly log
/

2), talculate the organic loading,, hydraulic
loading, the recirculation 4atio, :the. efficienp
obtained and the theoretical efficjancy of tiler.

1017

a r a

3) Reco gnize and list normal and abnormal
behavior in the Trickling Filter Plant visited

ilnskructor Aids:
.4'

1)' An intimate knowledge of the high-rate
) Trickling Filter Plant to be visited

. a
2), Copies (2 at least) of .b.he plant plans

) (as built drawings)f-to be visited.
1

I

'3)) 2 copies of the plant"0 & M Mpnual

4)1 Oise copy for each trainee of the 0 & M
daily; log' for the preceeding month and till

1 last NPDES. monitoring report -

a

4

62



Instructor Approach: 1) Instructor should visit the plant
(a ,high rate Trickling Filter Plant wit
recirculation and either parallel or ser
filter ,operation long before classwork
Should know plant, peMonnel, financial ,

constraints, performance, equipment.
Copie's of the trainee mateYials tested
above must be obtained long before class use

2) Make arrangements for visit, transportation
toure,nd trainee-assignment before visit.

3) Lecture/discussiop before and after tour
(4 hours)-o:1 hoar each - ;total 6 hours
(could be longer), yet

4

ND



S. LESS011,' OUTLINE' .

End 20 of 20 (6 Hours),
Fie,ld Visit To A-Trickling Filter Zlant,

Item Instructor Behavjor:
o.

e
t

Before ;parting. this section the trainees shb,uld have
several Mays to review the materials for the plant to
be visited.

2 Hour I - Day of Field Trip

.1

4

Review objectives of the 6 hours
Review plant data -7 Answ r quOstions
Review expected form to e turned in to instructor
Review detailes of dayp traveled, when, whgre,
behavior expected, etc,. -

Waiver of liability for each trainee (if required)
Board Transportation (large.group.- bus preferred) .

,-

3) Outside plant gate - op bus, detail topography,
,general.plant ap arance, etc.`- short discussion

'Park bus out of t e way
Keep group.togeth
'introduce to tour person or "operator*
Tour plant (encourage questions)
Emphasize organic loading
% removal
Hydraulic loading
Size -of filters,
Size,' condition of secondticy. clarifiers

.

ti

Atsemble grouin quiet piade with plant supe
or operator=.(allow time fdr,questions)

Let ,students "look around" for approximately
to help get, information for form 'to be comp

Thank Supe'rintendent and operators foryisit
.4.trainees to thank them also

Re-bo.ud bus - Do head count (time apx. noon)

.

64

rintendent

30 minutes
leted. e,
encourage



6

7

O

Take 'group to restaurant (or .back to classrooM)
with a meeting room (pre-arranged)

Over lunch, de-brief students about plant
A good technique is'to sketch out on acetate film
on overhead or use blackboard or carry your own
flip-chart and felt tip marker

Its

Go through student form - item by item-
Stjmulate student observatioris and omment
Check calculations required
Summarize Module
Questions? ,

END

4

t.
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V /

#

INTERMEDIATE TRICKLING FILTER FIELD TRIP

Students Complete .1

Name Class4

1. Plant Background Information

Name of" Town
Population *

I Design Flow
Type of Collection System
Infiltration/Inflow' .

Unusual flow 6retalo

Date

State
Date plant constructed

Mdjor industries
Actual Flow -

4

Describe Ore-treatment.rused:,

.

4

s or shock loads
Collection system p oblems
Plant gpunds and
Buildings and.
Personnel

5

e. 7 4

3. Describe primary treatmlent units:

. ,Problems observed before pre-treatment: f

5. Type of Tlirckli!ng Flit
Depth
Diameter * Ty 'af-medi
.Number of ,units'
Mode of operation parallel
Recirculation volume pipped
Recirculation ratio 3, )

Volume of filter
Hydraulic)loading
Organic loading

.B.O.D. into: Filter #1
Filter #2

B.O.D. out :\ Filter #1
i Filter #2.0

-

Low Rat

I .1

% Removal )(B.O.D.)' #1
#2),

#1,

High Rate

series
#2 /

5

T.



Intermediate Traickling Filter Field Trip
Students Complete
Page 2

Actual volodte of sludge pumped
. Calculated volume ofsludge

.°.
.. .

- Theoretical nomograph % removal expected: '

. ° % Why differ9t? .

s

gpd % solids

giDcl

Trickling Filter effluent quality:

Et..O.D.

Susp hded Solids

D.0-
NH3 NO NO3

3
Grease Level,'

.

7. Plant problems and abnormal performance obServed:

IteM Observed: Reason For Problem:

As

I would solve the .
Problem b :*

ro

O

0

1

O



Name

Intermediate
stions

Trickling Filters
Module 113H22 12)Hours)

Examination Que

\ Date

JP

. /

, Three classes of trickling filters are:

2.

3. /
2. \ loading and

0

loading are terms used to classify trickling filters.
. . ,

3. Three industrial_uses of trickling filter applicattlIps-ace-
,

1.

2.

3.

\I

4. Normal depth for a rock trickling filter would be
,

.., and would depend upon the filteg
,.

'5. A normal t'B0D
5 removal expected for A well-deigned and operating

. - , . 1
trickling filter would be . %.

.
.

i t -
-,

6. , A tr ickling.fi;ter wil1 normally give better removals ot Xi01:15. in i

. .

:

. ) the winter o in the summer? .

. _

1

, . . $

.7.. is a term related to.loss of filter'

igr6W orslime,in a'tricklinglifilt
i 4

7 t . \,

8. "We- ting Rat iis 'anAmport.antconsideration in
4" II

trickling- filt;ers..

9:, 'A "Shock''loadon a trickling filter ds a
tr.

_ i -'
1? *-^ . = ' .. J.

-,
r

10..! gal/min/ft) ardmillion/gal/day acre are units of. 4

, .

. . loading on.a.ickling-'filter. ,

68
I
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0

Page 2

,11.' CalCu4te the number of
ft.'`wide.1 (shoWwork)

acres

O

acres,on a surface 500 ft. long and 500

4

r"

-
12. One million gallons of wastewater flowed fo a filter 209 ftx long

,and 209 ft. wide'in One day. What is the loading in gpd/ft'?
(show work)

o %

\

13. Find the loading in
5,,000,000 gal. each

mgd/acre for
24 hours and

mgd/acre

\trickling filter that rceiv s
has 200 ft. diameter. (show w rk)4'

6

ibb.-BODiday/adre foot--and.lbs. MID/day/1000 cu.ft. of media

are 'examples %of foadings..

15., Find the loading on a filter that receives 4,504 pdtrids of BOD5/day
and is 1 ft. square and10 ft. deep.

.00



;Ito
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i'age 3..

16. If the influent
how many pounds

'

to, a filter
of BOD5 are

.

is 180 mg11 and a flow of 3 MGD,
received each day on the fillter?

t A

17, 18, 19. If the flow to a trickling filter is 3'MGD with a diameter
of 236 feet and 10, ft. deep, find the pounds of BOD5/day/acre ft.

What type of filter is it?

Why?

20. The greater the

21:

,22.

greater the recirculation.
to a filter the .

rate filters use recirculation.

eIf an influent Wastewater flow is 10 MGD and the recirculation
ratio is 2 to, what is the total wastewater flow to the filtei'?7.
(show work) A

23. ,If you treated 7 MGD of wastewat r containing 19,500 lbs. BOD reach,
day; what would be the BOD5 conc iltration in mg/1? (show work

4 Mg/1 BOD5

V

,

24. NOrmaliemoval of-BOD5':in a.primaxy plant before reaching the
trickling filter woula be -\% ;and apx.- %
for the suspended ponds. ,

76
,

J
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25. Explain the
25 words or less.

ultimate/ anq COD inrelationship between B1051 BOD

t

26. How many gallons of
q

sludge (5% solids) would you expebt for 7/00
.A. pounds of-trickling filter-humus? , P

.1 f

.' . ,

gal. r

A

1, - 1

Oxidation 'of n4.trogen4proceeds' from ammonia to

to

28, 294 30. Given the forMula:

E = . 100
1 + .0085 VW--

Find the % removal for a flow of'250,000 gpd,
Trickling filter diamester, is 96 ft.
Depth = 6 ft. (icre -feet = 1)
BOD to filter 175 mg/L
(Lbs. BOD5 = 366/day
(Re irculation =4)

r.

71

r
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Page 5 A

.32. Assuming a .recirculation ratio of 3:1, in the above problem,
what would be the % removal of BOD?

-

33. A, trickling filter must be evaluated in conjunction with a

, since these units function

asaa single unit.

34. List two problems with 0 & M of a trickling filter in extremely
cold climates:

1.

.

O

2...

35. List the give component parts'of a tricklingfilter.
4

3.

. 4.

5.

I
4

a .

36. Where wou14 you find'dcgign specifications on materials used in.
coristruairig.a,t±icklinOilter? _._,r-----,,..,. , ,

\ '

,.,

. . .O

37, .E3, 39: Using the nomograph as published by ",public Works Publictions4
size a trickling filijer,p.lant design gor.l'MGD, 192 mg/1 BoDe,
wanting A 55i. emoval. ;

4ta

. . .
.A. ''

.
.

40. List three examples Of .abnormal trickling filter performance.

3.

a wy
4 4

72
a
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41. List items used to evalua& personnel utilized iii a trickling
filter plant:

j.

1.

3.

-
42. List three items to. be evaIuatde with grounds, maintellahce, and

records in a trickling filter plant.

2.

3.

I

43. List three sources of odors in a trickling filter R1a6t operation:

1

2.

3

44. The use of masking agentsis not a recommended procedure at a
trickling filter plant. True False

45. 'List three important process Control laboratory tests for trickling
filter operations:

,

1.

, 2.

3.

46. The term ".is built drawing" means:

. - .

).

47, List two pretreatment problems that interfere with good trickling
' filter performance.

:

1. ,

2.

Sa

73
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,age ri

,048, 48,, 50. Discuss how you would organize a field inspection visit

to a treatment plant. (Who would you pail?.Whyl What records

would you look at? .Why? What would'you evaluate? Why?) 50 words

40--e

,

-51 52,53. Write-a Wbrd 'relationship for'aerobic sewage treatment,
kplaining what happens when, the system goes septic. (50
words or less) '

4

r

4

'3

74 4

'7 .1
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Page 81

57, 58, 59. Why is ostiblishment and enforcement Of a sewer Use
ordinance important in good trickling filter performance?
(50 words or less)

60. List two things, hat e well maintained trickling filter plant, with
flowers, etc. would indicate to you

J_.

a

O

Does it mean'the effluent is meeting NPDES requirements?

Yes

Why

No
V



TRICKLING'

FILTER

DOES NOT

"FILTER"

76

00

.0,
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S L I D E 2

)

FOOD. ( "SEWAGE)

OXYGEN (AIR)

BUGS (4GROWTIT-(11 MEDIA )

O

IP







TRICKLING FILTER TYPES BY APPLICATION RATES:



c.

SL I,DE 6

ROUGH I4 FILTER:

ROCK OR PLASTIC MEDIA

UPI.° 20 FEET DEEP

USED TO PRETREAT HIGH6BOD WASTES

HYDRAULIC LOADING:

60 TO 180 MGD/ACRE .OR

1400 TO 4265GPD/FT,2

I 0

ORGANIC' LOADING:

MOO LB/BOD/DAY/1000 cu. FT,

I

MAY OR4MAY NOTHAVEECIRCULATION

*

miarisf.



4

.4

SLIDE 7

EXAMI1A OF ROUGHING, FILTER USES :

1) BREWERIES'

2) FOOD, PROCESSING WASTES

3) '.P0i.JLTRY, EV I CERATI ON, SLAUGHTERING WASTES:

4) MI J;f.- CHEESE & WHEY. PROCESSES ,

5) TOXIC WASTE HANDLING (PHENOLS)
I

ft



SLIDE

ttORMAL "ROUGHMG FILTER PERFORMANCE"

\ ,

et

WHAT IS EXPECTED ? ???

..1

4

V

4 -

0

f



4
SLIDE 9.

EXPECTED P ERFORMANCE: S.

.) Low. 7.,REMOVAL OF BOD, (40 Yo- 65)' BUT y.

. VERY 'HMI TOTAL REMOVAL
c,

2) LOW NITRATE LEVELS SOME NITRITE-AND AMMONIA

AMMONIUM ION PRESENT

3) SOME 'ODORS (DIFFICULT TO KEEP AEROBIC) FEW FLIES-

..s

4) SLOUGHING - USUALLY. CONTINUOUS

t
1

4

r



4

ei

SLIDE, 10 4-

. , rt
WHERE, HAVE YOU SEEN ROUGHING FILTPS USED?

-

.3

1

,.
v . 1

l f

Ce

at

A'
r '

e

7

'0

O

I.

, '

(

.



SLIDE 11

`,LOW RATE riLTERSi.

(SAME AS "STANDARD" RATE)

USUALLY ROCK? MEDIA

6 TO 48 FEET DEEP

7. e

e 4

USED IN DOMESTICEWAGE TRLATMUT .t

HYDRAULIC LOADING:

1 TO:4' MGD/ACRE

25>TO 90 GPD/SQ, FT, 1/
4

.

ORGANIC LOADING:

200 TO 10.00 LB; BP/DAY/ACRE FT, OR
'OA

TO 25 Ls, v,,RODAmeno,000.4. FT,

056ALL2DOES NOT HAVE RECI4PLATION.

sk

USUA4,HAS-DOSING TANKS OR SIPHON

C

6



o

A

It

1.5

.

2

A ,

NORMAL LOW RATE. FILTER PERFORMANCE

5

S I D E

1.

, WHAT I SJEXPECTED?

of,

r

t.

I.

I .

fr



,SLIDE'13

E APECTED PER

1) HIGH BOD REMOVAL 85-90%

fASONAL VARIATION IN PERFORMANCE

a.

'Aim

,

:3). 'HIGH NITRATE (NO3) .LVELS. LOW-NITRITE AND

AMMONIA .

.0

. 14) -SOME ODORS :SOME FILTER FLIES

Avi

5) SLOUGH ING, INTERMEDIATE AND SEASONAL IN NATURE

,

.00

I '

fris.

a

4

1



S L- I p.E 14

.: ..../
WHERE -ARE STANDARD OR E.:MI/RATE TRfCKLING FILTER `..

) i
A,

aiOr'r

A .

YY

PLANTS LOCATED NEAR. HERE?

O

4.4

0

-

-o

41,

.7
:

O

,

6

,3

.

0.
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S t :1

*HIGH RATE TRI6K114G FILTERS;

USUALLY ROCK M IA

3 TO 8 FEET -DEEP

d

USED TM
DOMELTIC AND INDUSTRIAL WASTE TREATMENT

.

-HYDRAUL,IC LOADIN

5 TO MO MGD/APRE

100 TO 900,GPD/FT.2

ORGANIC LOADING:. -

.' 1000 TO 1300 LBJ/BOD/DAVACRE FT. , OR

25 TO 3d0 IB.BoD/DAy/1000 FT, 3

t

ALMOST ALWAYS HAS RECIRCULATION
4.

. NO DOSING TANKS

4

REQUIRES PUMPING AND ELECTRICAL COSTS,.

90

(U

f.



SLID D E

,

NORMAL "HIGH RATE" FILTER PERFORMANCE.

6

WHAT)ISEXPEC

I'

ti

O

4

4

A ' ,

S

MN"
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. SLIDE 17

EXPECTED. PERFORMANCE:

1) GOOD COD REDUCTIOV 85-907

2) SEASONAL 'VARIATIONS NOV AS GREAT AS LOW RAT Eitivasti,

BUT STILL EXIST
-t

3) GOOD NITRIFICATION, HOWEVER; ._SOME NITRITE AND

. AMMONIA PRESENT

ft.

4) FEW ODORS-,%AlcDS'FEW FLIES .BUT, DEPENDS UPON'

OPERATIONAL CONTROL
$

5). 2001146 CONTINUOUS SEASONAL VARIAtION .

4

0

Pr'

go

Atit,



e o

..

1-

s

. S L I-1 E

WHERE ARE" HIGH RATE" TRICKLIN FILTER\ .

PLANTS LOCATED?'
s I

t

4.

I. .

s

I,

r

II

I

4.

i

,,

r
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'S L I 1),,E 19

SUPER HIGH RATE TRICKLING FILTERS:

USUALLY. PLASTIC MEDIA

A

UP TO 40 FEET

USED IN MANY. DOMESTIC-AND INDUSTRIAL APPLICATIONS

HYDRAULIC LOADING:

15To 90 moD/AciR

350 TO 1000 GPD /FT,2

ORGANIC LOADING:

300 LB,BOD /DAY /1000 FT.3

USUALLY'HMS RECIRCULATION

NO :WSJ NG TANkS

/ REgUIRESTUMPING.AND ELECTRICAL COSTS.
e-. ,,n

FORCED YENIULAfI,ON-OFTEN USED
.

t.
, .

.

- / WETTING RATE OF 0.6.6AL/mIN./FT.2
.

IMPORTANT.P MANY PLANTS'
,

C

7



SLIDE '20

NORMAL PERFORMANCE OF "SUPER HIGH RATE FILTERS"..

,WHAT IS EXPECTED?

1

o

4.

9

a



by

.

I

I

I

O

S L 21.1

4

'EXPECTED PEREORMANCE FOR "SOER HIGH RATE" FILTERS.

1) GOOD BOD REMOVAL 65 -90 %& DEPENDS UPON LOADING

.
. fi

2) SOME SEASONAL VARCAtION;,a
a

j

V

N

3) 'INTERMEDIATE TO EXCELLENT iiI.TRI.FICAI;ION'
o.

. DEPENDS ON 'LOADING, ..% 1- ' . -; .

ei 4. 4
. .-

...
, ' . '1',

1

i
1111111"

4) FEW ODORS, FEW

5) . SLOUGHING CONTINUDUS'' (SEIKSONAL)

$ "

6) MEDIA BREAKINGs AND COGGliNG LiSS. COMMON

ROCK 'MED !"1%

c 7) TOWERS (14b PFTE 61S FILTER NENTILkI.

. CAN ''''BE' A PROBLEM IF SEPTIC A..51191XE.11';
I



SLIDE22

WHERE ARE " SUPER HIGnetTE. FILTERS LOCATED?

. \
I

; a

I

4

a*-
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SLIDr 23

WHAT ARE THE FOUR. BASIC TYPES OF TRICkLING

FILTERS?

f

0

98

I

1A

$

.

O

r
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SLIDE 24 .

45HT.

1) "ROUGHING FILTER"

2) LOWRATE-OR STANDARD. FILTER
A

3) HIGH RATE FILTER

4) "SUPER HIGH RATE"FILTER-

"te

,t"..

a

k



. g L E '25

HOW DO WE CLASSIFY FILTERS?

a

100

..

:

J

o 7

0.

'

-



S L. I D. E 26,

RI HT

B ROCK OR PLAST I C MEDIA

*

5r ORGANIC LOAD I NG-'

( 2; DEPTH

4

3) USES

4) HYDRAULIC LOADINGNG

6) RECIRCULATION

-
-

7) SUPPORT SYSTEMS PUMPS) FORCED VENT! LAT i ON, ETC
o '

. - 8) ERECTED P, ERFORMANCE

101

S

0



0

:*

V
1, ..

/
SLIDE.27

S I 0 N.S.? ?'

a

4

102.

O

O

)

I

-/

9

100
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SLIDf

HYDR ULIC LOADING

).

MGD/AaE GPD /FT,2

LOW RATE

SUPER-HIGH RATE

1 yo.

5 TO 4t

15: TO .90

25 TO 90

100 jo 900

350 TO 1000.

4

ti

6

A

9

-

%

1

,____
-

. - ,

y- -

10j
.

b.

1

.4 I

,

TY"



OVERHEAD # 1*

Type of Filter
b ;

a
Orgartjc Loading-,-units

L .s.BOD day acre ft.
\

Low Rate
s

High Rate a.

Super High Rate

pounds BOD /day /1000cu.ft.

200-1000.

f
1000-1300

5-25

25-300

up. to k00

I

. ;* MOP 11-WPCF Guidelines (197g)

f

O

.0*

ti

J

7, t
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1

Air

,

%.,

t

...% A

.

.$

/

SLIDE-*J.,
v

RECIRCULATION.
. ,

r

o

. WHY?
,.. -.

..

t

$

,

. .

I.

7.,

105 ...,
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J
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SLIDE 2

RECIRCOLATION:.

/1.) USED FOR HIGH OR SUPER, HIGH FILTERS

2) IMPROVES HYDRAULIC AND,OkANIG LOADINGS."

-(1 F

3) IMPROVES EFFICIENCY

.

A

4

10.6 ,

14,

tto

t

No.
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.81 I D E -3

TYPICAL BOD REMOVAL;.

PR I MARIA` 35%

. INFLUENT 204 MG/LIQD

17 LBS/CAP I TA/DAY AND 100 GPDC)
44#

.
WEItT IS,NORMAL BOD TO FILTER?

1-

4.

107

t

r

by-

sf

$,N

a

s,
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RIGHT. ,

130-155 657. OF fnii 6 1.32 . r

4

-

r

O

a

t.

*4
'N.-

4

0
55.

,

194

4

fi

-

..r.5 .5

v

A

/7*

4

ir

(It
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03
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-

L

, 9
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. /, SLIDE 6 >.

, 4, . .. .:

R4IRCULATt:6N RATE FOR BODOFAkTTLED WASTEWATER .

.44t

. BOP/mG/i. I/RECIRCULATION RATIO.

130 1;:

17O 2 : 1

220 3 : 1

4, 1

I

110'

O

0

*.

°

a



.

O

t

5

.1' RECIRCULATION RATIO DEFINED AS TOTAL NUMBER' OF TIMES'WAStEWATER

RETURNED, PLUS 1

u\c_

MED FLOW RECIRCULATIONUTI6 . M1dD TOTAL HYDRAULIC LOAD

5

5

5"
C

1

2 1'

3 ;1

4' :1

5;1
".

&

..TO FILTER #

-(1 + 1) x5 =10

. (1.+ 2) x 5= 15
.0, a

(1 + 3) x 5.= 20

/ (1 '+ 4) s.x. 5= 25

+') x 5 7 30

SLIDE, 7.

A

5 . ,
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-/

`sr 1.1

`S L" I D E 8

QUESTIONS?

'WHAT HYDRAULIC LOADING WOULD A 3 MGD FLOW

C

WITH A 4 TO 1 RECIRCULATJOICRAUCIE?
,

4

.1

e

4

O

.41

e.

o

.

112-

:



\

4

4

.4

4

e
.

L =F D E 9

"k*. RIGHT,

15 MGD

OR

FLow'= 3 MGD2* +

F.tow = 3 'MGD x 5 7' 15MGD

4

c

118

10.

.\

e'
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C.

SLIDE 10
id e

e

WHAT BOD RANGE WOULD YOU EXPECT THE

TRICKLING FILTER INFLUENT TO BE?.

\

R

0 t

p

114
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t".

a.

I

SLIDE 11

RIGHT,

APX. 260 N1G/L.

115.

O

.

O
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4/'

ti

SLIDE I
.

AEROBIC TREATMENT NEAS:

-

ler14

/

1

FWD( SEWAGE)

,OXYGEN (AIR)

BUGS-( BACTERIA + OTHERS).

1

-

o 116

1.1

4

et

*



SLIDE 2-

`)

AEROBI.TREATMENT

t

.4'

v.
4

NEEDS

FOOD ( SEWAGE '

OXYGEN ('AIR ) .

,-

-BUGS-( BACTERIA + OTHERS) .

3.

117

,

/M.

A
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1.

-SLIDE 3'.

TRICKLING FILTER ERFORMANCE MEASURED :BY.:

1) _SOLIDS - SUSPENDED tr:SETTLEAkLE

2)T BOD/COD REDUCTION

3.) SOLIDS PRODUCED (HUMUS) -``
O

4) NITROGEN OXIDIZED'
..

5) RECIRCULATION RATIO - HYDRAULIC &,ORGANIC LOADS

.6) ''OXYGEN NEAR SATURATION

a

. v
7) NO ABNORMAL P,ROBLENS (.00*, SNAILS,--PONDING,, ETC*. )

.

<16 /
411t

A

118

2

-

b
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4

I SLIDE
TYPICAL TRICKLING FILTER
SEWAGE TREATMENT .PLANT

PRETREATED RAW SEWAGE
FROM COLLECTION SYSTEM

PRIMARY
SETTLIIIIG ,
TANK

BAR -UV
PRIMARYSCREEN` CHAMBER
SLUDGE

PRIMARY :TREATMENT

.

,
-\ . -

SLUDGE
DIGESTION

t IY

111

. 7," .

RECIRULATION (HIGH RATE
...

- TRICKLING FILTER
DISTRIBUTOR

V--)Jtabu uuvuu

. UNDeRDRAIN

,

DIGESTER
*

tA9

(
HUN R HEAD OF. PLANT)

":(5

,

t

_SECONDARY epte
%VP'

parrot;

, _ -
SE- .CONDARY,.;/
SLUDGE 4.1 ;

t'. e CFFuyErtr

TRICKLING FILTER Ht&MUS

j. 1,',...1...r1,./1-=te

SECONDARY
TREATMENT

SLUDGE-- DRYING BED OR OT ER QISPOSAL
at z--vu

)

120



tk,

. SLIDE 5.

SOLIDS TO FILTER'

SUSPENDED

SOLID&'

8,..

,
p

f
. .

.
ri, )

... .
\35,45% OF TRACE .#

.-LNT. INFLUENT CIMPIOFF CONE)r
)

,8

11'

TYPIC L PLANT S UpDED SOVDS 40% OF 300 MG /L =

1:07,

SETTLEABLE '"
. -

SOLIDS

120 MG/

OR

(N6NSETTLEABLE; COLLOIDAL)

FOR 1 MGD FLOW:

US, SS/DAY= 8.34 X 1 MGD X.120 MG/L

?:Bs , SAS /DAY = 1000 Ems /DAY

(CONVERTED TO HUMUS) '-c
,

,
.

8

pt.

NORMAL PERFORMANCE.; .
.,...

..-

LOW SETTLEABLE SOLIDS AND LOW SUSPENDED SOLIDS IN EFFLUENT

to

121

ite

gib
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.1

4

4

z

SLIDE': 6

`BOD /CUD;

2PRImimi REMOVAL 35-40%

-TRICKLIU FILTER, INFL ENT 65% OF 204MG/L 9 132 MG/L

FOR 1 M D

LBS,BOD5//DAY = 8,34. Xititl"G r X 132 MG /L

s1BOJY5/DAY = 1100 us,/DAY.

TOTAL BOD REMOVED APX, 80-90% 0 PLANT INFLUENT.

IF INFLUENT,IS 204 PPM).85% REMOVA LEAVES 15%

15% OF 204°mG/E = 30 mG/

NORMAL BODEXPthED 25-50 mph

AND

.BODuLi: 1,6

,BOD

. r

122

4

(

":

0
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SLIDE -Z

SOLIDS PRODUCED (HUMUS) FROM OXIDATION-OF DISSOLVED AND,NON_

SETTLEABLE SUSPENDEDSOLtDS.

SIMPLE CALCULATION:

PART 1
.

..

..

SUSPENDED SOLIDS :

PLANT INFLUENT 300 MG1L .

`PRIMARY EFFLUENT 105-mG/L (TO FILTER)
:1k

PRIMARY EFFLUENT 30. G/L (FROM FILTER) (,9070 REMOVAL).

FILTER REMOVAL:

105 MG /L - 3G = 75 MG/L
ov

'LBS.SS/DAY = 75 MG/L X 8.34x 1mo

LBS,SS /DAY = 626 LBS/DAY (SLUDGE)

V

Sv

123
a
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SLIDE 8'

PART p:2:
t-

BOD OXIDATIOL

BOD INTO PLANT 204 meh

PRIMARY EFFLUENT 132 MG /L (To FILTER)

LEAVING PLANT 30 tip/L'

BOD REMOVED ON FILTER:

132 30 = 102 MG /L

1LB. OF BOD PRODUCES 0.77 LBS, OF SLUDGE,

c

Las.BOD/.DAY-REmovED = 8.34rx 1 MGD X.102 MG/L

_:_LBS. BOD5/DAY = 851.LBS./DAY

1 LB.. BORA:IVES 0.77 LBS, SLUDGE

SO

:851 x .77 = 655 LBS. SLUDGE/DAY

1.

124

M



41.

`SLIDE 9.

SLUDGE FROin SUSPENDED .SOLIDS,= 626 .LishAv

4
SLUDGE FROM BOD = 655 LBS /DAYr

TOTAL 12B1 LBS /DAY

e-

. -

(D4Y.-SLUDEE BASED ON 204 MG /L BOB AND 300 mG/L SUSPENDED SOCKS)

125-'
0

*Tr

o

1,



0

0

0

SLIDE 10

SLUDGE VOLUME

LBS, (DRY) 4 100 ==LBS/WET
70 SLUDGE,

SO

1281 LBS.(DRY) X

2562 LINT"

SO

EXPECT TO PUMP APX, 3071 GAL,...SLUDGE (95% WATER)

A

= 25620 LBS,NET-

.3071 GAL?

cs,
4,

0

6

1 2 6

--c

..)



4.0

I

SLIDE 11

-u

NITROGEN OXIDIZED:-

.FIND NITROGEN IN PLANT INFLUENT (SAY, 25 mG/

1 MGD:= 209 LBS,/DAY

2)., ESTIMATE 99% CONVERSION

If'99% OF 209 LBS. = 207 LBs. REMOVED

2 LBS. LEFT.

OR

,25:MG/L LEFT

BUT

1 LB, NH3 GIVES 4 OF NITRATE (NO3)

NORMAL VALUES 20-0 mG/L

z

'05

X %alt.

-

127

t.
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SL1D 12

RECIRCULATI0k7RATIO AND PERFORMANCE

NATIONAL RESEARCH COUNCIL FORMULA:

E=
100

1 + 0085 Yi/VF

WHERE

E % REMOVAL BOD5,,

W = BOleAD us, /DAY

F = REtIRCULATIONFACTOR

V = YOLUME OF FI-LTER MEDIA (ACRE FEET)

AND

F.= RECIRCULATNN rACTOR

1 + R
F =

+. ,o1'R)2

. R'= RECIRCULATION RATIO.

.1

(
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NO SLIDES 13-14.
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SLIDE 15 :

IN R_E M l M R E

1

_HIGHER THE BOD, HIGHER THE RECIRCULATION.

:HIGH RITE FILTERS OR SUPER HIGH RATE FILTER°

't

IMPROVE LOADING:,

IMPROVE EFFJCIENCY ,

,

N' . ..POUNDS
= 8.34 x MGD X MG/L .

DAY

TQTAL FLOW = INFLUENT FLOW X (RECIRCULATION RATIO + 1)

Z.REMOVAL = IN-OUT

.

QUESTIONS?

IN

4)

x 100

END
0

O



:f

7

a

SLIDE >16
V

4. N.

CONCLUSION:
A. 4

4

RECIRCULATION NUL BUD.

RATIO REMOVAL IN EFFLUENT

I

S

1:1

2:1

fla

61

85

..91'

f.

68

26

16

4

'73

4

4
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0

MATERIAL BALANCE

-

SLIDE 7'

\.
TYPICAL TRICKLING G FILTER.
SEWA6E- TREATMENT, PLANT

Totalaitrogen 30 mg/1 (NH3)
BOD 204 mg /El
ss 300 mg/1 Ratio cif- 0:1 itost:1 .

1 mgd.... RECIRULATION INIG RATE'

PRETREATED RAW SEWAGE
FRAM COLLECTION SYSTEM

35% BOD out
55% ss out

PRIMARYscintrie
TANK

BAR. GRIT /
SCREEN CHAMBER

PRIMARY 'TREATMENT

.*1
....,

7.7=\;.. ...- - -....

------"--, - .... -. -,- .. ----: -,.,< - , .......

..... .

PRIMARY
SLUDGE

apx.*3 o 6

AA/ ow.

TAI6KLING PILTea
DISTRIBUTOR

UNDERDRAIN

1.. sludge

NUMUSUR HEAD OF PLANT)

°DIGESTER,

4

SECONDARY
SETTLING
TAiNK

/SECONDARY
SLUDGE

) 1/ie '
te

No.!.

SLUDGE 1 '
DIGESTION

4.

TF4ICKUNG FILTER NUMUS

3071ga1. sludge
° .

II

".111=a4
a

a

CHLORINATIOt-
TANK

EFFULENT

BOD 25-
ss '30-5

Ni
SECONDARY
TREATMENT

SLUDGE DRYING BED OR- OTHER DISPOSAL
4, PO. SACISP:r47 4,L.,:r011t .11....PW* =,11.

'45r4r°°'
1.5; ft,.2/capita served #

133

4,

0 mg/1
mg/1

rates

4

"4'
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SLIDE 1

ABNORMAL PERFORMANCERERFORMANCE IN-:

PERSONNEL

GROUNDS, MAINTENANCA RECORDS

FILTER OPERATIONS

J

4

fie ,

3/4

.44



e.
-

?7, I

7

6

0

t.

-SLIDE 2,

PERSONNEL?

01

C

S

4

e.

o
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sa., .
;
yc1,°C

a

01

'`

.7

t

,

ft,

J

.

SLIDE.

-PERSONNEL OBSERVATION.

1) .`PERSONAL APPEARANCE

2) ATTITUDE AND MOTIVATION

3) TECHNICAL SKILL

4) CERTIFIED?

'5) WALKING TOUR WITH OPERATOR TALKING

ab

V

.136

.

,

7

116

5.

AS



4.

S.

1

SLIDE 4-

GROUNDS & MAIN IENANCE

LOOK FOR WHAT?

4

-",

a



r-

1

SLIDE 5

GROUNDS, MAINTENANCE AND RECORDS

1) _GROUNDS WE(.1. iEPf? - FLOWERS, GRASS, 'TREES

--2) MEDIA CONDITION °-: GREEN DR OTHER

3) BUILDINGS PAINTED, WELL-LIT, WELL-MAINTAINED

1

.5

138



SLIDE 6.

0

FILTER OPERATIONS COMMON DEFICIENCIES

1) MEDIA PROBLEMS ANAEROBIC, GREASE,

BROKEN VENTS, ETC,

2) LEAKS °AROUND SEALS.

3Y IMPROPER DISTRIBUTION OF SEWAGE, FLOW

NOT EVENLY SPLIT, CLOGGED NOZZLES,

SPLASH PLATES INCORRECT,.

4) POOR B4O,D, REMOVAL
. -

. POOR NITROGEN (NOV PRODUCTION

'POOR SOLIDS REMOVAL

POOR DA, LEVEL IN EFFLUENT, WHY?

'

A

.

139

.
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SLIDE 7

SEPTICFILTER SEPTIC POOR: D .0 .

CLOGGED VENTS:

TOXIC WASTES

KILL OF BIOLOGICAL FORMS

.

=

,140

o
c

0

ti
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SLIDE 8

POOR SOLIDS REMOVAL

SEASONAL VARIATION

CREASE PROBLEMS .

POOR SECONDARY SETTLING,
..

.

V

...

.

141

s

.,

'04

L

.

40

r

r 4

4

* r-
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SLIDE 9.
sais

POOR NI ROGEN OXIDATION

403

LOW OXYGEN SUPPLED

B4O%D./N/E) RATIO OFF

ODRAULIC LOADING AND/OR ORGANIC
LOADING INCORRECT

O

3-1*

142

E,

NO

4

V

at_
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11.

SLIDE 10

POOR B.0,D.,,SEMOVAL

ALL OF THE ABOVE

LOW OXYGEN'

INDUSTRIAL LOADS.

B .0 D ./N/P OFF

MEDIA 'PROBLEMS

DISTRIBUTION PROBLEMS

FINAL 713,0',1)./25 TO '50 MG/L

/-

143

I
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SLOE 11

COMMON PROBLEMS.

eONDING

ODORS

FILTER FLIES

SNAILS ,

UNEVEN DISTRIBUTION

INDUSTRIAL SHOCK(LOADS

HEAVY SLOUGHING OF GROWTH 4L

/

l44



SLIDE 12-

PROCESSICONTROL TESTING.

13.0.D. DAILY .

SUSPENDED. SOLIDS DAILY.

DISSOLVED OXYGEN DAILY-2f

OPTION: C .0.D
4W

NITRATES/NITRITES/NH3 DAILY

1/6

o.
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SLIDE 13

,OTHER USEFUL TESTS

TEMPERATURE

FLOW

ODORS ( SULFIDES)

MEDIA INSOECTiON'

-// SNAILS AND OTHER GROWTH

4' ORGAtliC/HYDRAOLIC LOADS

0

,,

ICA'''.or
,

,

C

4

..14&

0 .

1 1

0

,1 L

'

NA

t



'SLIDE 14

WHAT HAVE YOU SEEN?

PROBLEMS?

.J

F

147

JO?

4
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SLIDE-15

QUESTIONS?

a

O

148

r

1


